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I, the undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) 
of the Deregulation & Contracting Out Act 1994, to sign and issue certificates on behalf of the 
Comptroller-General, hereby certify that annexed hereto is a true copy of the documents as 
originally filed in connection with the patent application identified therein. 



In accordance with the Patents (Companies Re-registration) Rules 1982, if a company named 
in this certificate and any accompanying documents has re-registered under the Companies Act 
1980 with the same name as that with which it was registered immediately before re- 
registration save for the substitution as, or inclusion as, the last part of the name of the words 
"public limited company" or their equivalents in Welsh, references to the name of the company 
in this certificate and any accompanying documents shall be treated as references to the name 
with which it is so re-registered. 



In accordance with the rules, the words "public limited company" may be replaced by p. I.e., 
pic, P.L.C. or PLC. 

Re-registration under the Companies Act does not constitute a new legal entity but merely 
subjects the company to certain additional company law rules. 
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Warning 

After an application for a patent has been filed, the Comptroller of the Patent Office will consider whether publication 
or communication of the invention should be prohibited or restricted under Section 22 of the Patents Act 1977. You 
will be informed if it is necessary to prohibit or restrict your invention in this way Furthermore, if you live in the 
United Kingdom, Section 23 of the Patents Act 1977 stops you from applying for a patent abroad without first getting 
written permission from the Patent Office unless an application has been filed at least 6 weeks beforehand in the 
United Kingdom for a patent for the same invention and either no direction prohibiting publication or 
communication has been given, or any such direction has been revoked. 



Notes 

a) If you need help to fill in this form or you have any questions, please contact the Patent Office on 0645 500505- 

b) Write your answers in capital letters using black ink or you may type them. 

c) If there is not enough space for all the relevant details on any part of this form, please continue on a separate 
sheet of paper and write "see continuation sheet" in the relevant part (s). Any continuation sheet should be 
attached to this form. 

d) If you have answered 'Yes' Patents Form 7/77 will need to be filed. 

e) Once you have filled in the form you must remember to sign and date it. 

f) For details of the fee and ways to pay please contact the Patent Office. 
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Title: Gas Distribution System 

The present invention relates to a method and apparatus for regulating the 
distribution of gaseous fluids. 

There are many situations where submerged diffusers are used to introduce gas 
into a liquid. For example to transfer oxygen into a liquid (typically water) for the 
purposes of aeration and mixing, and especially to oxygenate the water. Such techniques 
are used in aerobic biological treatments systems as used to treat sewage, effluents of 
various types, and storm water and water in aquaria or lakes and rivers, among others. 
They are also used for air stripping of volatile organics from contaminated water. 

It is common to treat foul sewage in "active slurry treatment plants" by feeding 
precise volumes of air to a plurality of diffusers which release the air into the water in 
precise small bubbles to stimulate natural processes. The number of diffusers and hence 
the spacing is calculated relative to the volume of water to be treated and the amount of 
treatment required. The diffusers are usually placed at the lowest point in the water 
column allowing the most time for air to pass through the water prior to reaching the 
atmosphere. 

In the known systems a plurality of diffusers are fed from a supply line, usually 
from a suitable air source such as an air pump, which delivers a constant and even supply 
of air. The diffusers are disposed in series along the supply line and the quantity of air 
emerging from each diffuser is intended to be substantially the same. In the known 
sewage treatment systems potential pressure drop along the line from one diffuser to the 
next is rendered negligible by utilising a supply pipe having a large cross-sectional area 
and a relatively low-pressure supply. The cross-section of the pipe has to be calculated 
having regard to the number of diffusers and the discharge rate in order to ensure that 



there is a negligible pressure drop along the length of the pipe and thereby ensure that the 
flow from the diffusers is balanced. In other specific aeration systems a manually 
adjustable valve may be provided for each diffuser to balance their output. The known 
system of individually balanced gas diffusers- is difficult to set up to ensure correct 
balance, usually requiring accurate levelling of the outlet diffusers. 

A constant flow regulator and a method of manufacturing same 
comprising a moving "O" ring is described in Patent Nos. EP 115342 and GB 2136713. 
The described regulator gives a constant through volume flow rate of liquid over a wide 
range of supply pressures. A regulator of this type can be designed to produce a specific 
flow rate over a prescribed pressure range and can be moulded from plastics which makes 
them extremely economical to produce. When a plurality of such constant flow devices 
are fitted in series in a pipeline supplied with liquid at a sufficiently high pressure, the 
flow rate is constant from , each regulated line irrespective of the pressure fluctuations 
along the pipeline(s) of the system. The supply line pressure has to be above a pre- 
determined minimum level at the point where the pressure drop is highest. Usually this 
will be at the end of the pipeline. The use of these devices has not been considered to 
regulate the flow of gases. There is no teaching to use these devices with fluids other than 
liquids. The reason for this may be that none of the commercially available devices 
operate to produce constant flow with fluctuating air pressure. 

It is an aim of the present invention to provide a gas distribution system which 
overcomes the current difficulties. 

One aspect of the invention provides a method of distributing gas through a piped 
system having a plurality of outlet lines branching from a common supply line or 
manifold, the method comprising continuously generating a predetermined minimum 
volume of gas and introducing it into the pipe system, delivering a desired quantity of gas 
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at each of the outlets by providing a constant flow regulator means in each outlet line 
which limits the flow to a set amount when the pressure in the pipe system exceeds a 
predetermined minimum value. 

More particularly the predetermined minimum volume of gas exceeds a calculated 
minimum volume which is required to be delivered by the diffusers. Preferably the 
method comprises using a moving "O" ring constant flow regulator. In one embodiment 
substantially the same quantity of gas is delivered at each outlet irrespective of pressure 
drop along the pipe, at least within a flow range which is deemed acceptable. For most 
applications an accurate and even quantity of gas is delivered at each outlet. This can be 
achieved using constant flow regulators having a specific and even flow rating for each 
outlet. 

Another aspect of the present invention provides a gas distribution system 
comprising a gas distribution supply line, a source of gas pressure connected to the 
distribution supply line, and a plurality of outlet lines branching from the distribution 
supply line, and characterised by a constant flow regulator disposed between the 
distribution supply line and each outlet line to cause a desired flow of gas to be delivered 
through the outlet lines. 

More particularly a predetermined minimum volume of gas is supplied, which 
volume is calculated to exceed the minimum volume which is to be delivered from the 
diffusers. The desired flow of gas is a desired even flow of gas. 

A preferred constant flow regulator comprises a moving "O" ring constant flow 
regulator. The preferred moving "O" ring regulator is chosen which is precisely tuned to 
deliver the desired calculated supply of gas required at the outlet line irrespective of 
changes in supply pressure such that it is self compensating for changes in supply pressure 
within its designed operating range. 



In an alternative, a moving "O" ring regulator is used that only allows a desired 
maximum flow (volume) of gas to pass through above a known pressure of gas. Using 
such a regulator, pressure drops along the pipeline can be compensated for by using a 
regulator which has the desired maximum flow at a lower pressure to reflect the pressure 
drop. By this means a substantially even flow of gas is achieved from all the outlets. It 
will be understood that when the term even is used, there will most usually be an 
acceptable tolerance variation to the desired flow rate. 

Each outlet line has a suitable outlet nozzle. They may be aeration nozzles, 
diffiisers or any other suitable nozzle for the. intended application. In a preferred 
application each outlet line supplies a respective diffiiser. Conveniently the outlet lines 
are disposed in series along the distribution supply line. The number of outlet lines and 
hence outlet nozzles/diffiisers are calculated and spaced according to the particular 
application. Preferably the gas originates from a suitable source, usually generated by a 
pump, and preferably it delivers a constant volume of gas. The system can be used for 
distributing any desired gas composition. For many applications the gas will be air. The 
distribution supply line comprises at least one length of pipe. As an alternative it may 
comprise a plurality of lengths of pipe branching from a common manifold or having a 
direct connection with the supply of gas. The pipeline may include a return line or be of 
ring main type. The outlet lines may incorporate a backflow regulation device and/or an 
isolation ball valve. Such devices may incorporate the aforesaid constant flow regulator 
or be provided as separate devices. The constant flow regulator, any backflow regulation 
device and any isolation valve may be combined with an outlet diffiiser. 

The invention can be used for a large number of potential applications, for 
example the treatment sewage, leachate and agricultural waste water by the introduction 
of air, air stripping of volatile compounds from water or other solutes, mixing water 



columns, aerating and mixing of aquaria, ponds, lakes and rivers or tanks containing fish, 
and in connection with various industrial processes and even for the control of power 
tools. Where the system is used for the purpose of introducing gas into a liquid or other 
gas, the backflow prevention device avoids the liquid or gas entering the system should 
the system enter a state of relative negative pressure. The isolation ball valve allows 
individual branches to be isolated. 

For any given application the delivery rate from the outlet lines will be known and 
the source of gas will be capable of maintaining a constant supply of no less than the 
calculated minimum requirement for the system. 

The present invention may be used for any of the above mentioned applications 
and any other applications in which gas is to be transferred to a liquid. 

The present invention will now be described further hereinafter, by way of 
example only, with reference to the accompanying drawings; in which: - 

Figure 1 shows schematically one embodiment of air distribution system 
according to the present invention, and 

Figure 2 is a graph of flow rate against pressure for a preferred pressure regulator. 
For convenience the present invention is described by way of example in relation 
to the treatment of water by the injection of air. In one application for waste treatment the 
water will contain effluent. The water/effluent to be treated is shown at 1 and held within 
an open well or receiver 3. An air distribution pipeline 2 extends from a source of air 1 
which supplies the air under pressure to the pipeline. A motor driven pump (not 
illustrated) conveniently serves this purpose. The pipeline 2 has a plurality of outlets 4 
disposed along the length thereof at spaced intervals. For the purpose of effluent 
treatment each outlet is provided with a diffuser which releases the air into the 
water/effluent in the form of small bubbles. In order to ensure that the flow of air from 



each diffuser is the same, a regulator 5 is incorporated into the flow line between the 
pipework 2 and the outlet diffuser 4. The regulator may be part of the diffuser or a 
separate component. The regulator is designed to deliver a constant flow irrespective of 
pressure variations in the pipeline when the pressure in the pipeline exceeds a 
predetermined minimum value, which minimum value is calculated to be that which will 
ensure that each regulator supplies the desired volume of gas. The preferred regulator 
device is of a type known as a moving "O" ring constant flow regulator such as described 
in the above mentioned patents. These are very economical to produce, especially when 
moulded from plastics. 

The preferred moving "O" ring regulator is designed to operate to deliver a desired 
flow of air over a range of supply pressures. That is to say it is self-compensating for 
changes in supply pressure over a prescribed range of pressures above a minimum 
pressure level. Figure 2 is a graph of a constant pressure regulator of moving "O" ring 
type having characteristics of the described type and shows flow volume against pressure. 
It shows how the flow rate plateaus after pressure PI . Using a plurality of flow regulators 
in a distribution supply line will give rise to an even delivery of air from the plurality of 
diffusers providing the pressure in the pipeline exceeds the minimum threshold value PI . 

In an alternative, the regulator only allows a set maximum flow (volume) of air to 
pass through at a given pressure of air providing the pressure in the system exceeds that 
given pressure then the flow rate from each outlet line will be at the set maximum flow 
rate and a regulator is chosen which provides the desired flow rate for a particular 
application. 
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